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Aggregate thrc 



The present 
more particularly to 



TITLE OF THE mVENTION 



ughput control in a modem 



FIELD OF THE INVENTION 
invention relates to modem 
methcfds and apparatus for controjUinj 



pool environment 



communications in general, and 
ing modem pools. 



B. ^CKGROUKD OF THE Ds VENTION 
Modem broa< band conmmnications systjsms are generally implemented as 
providing either asymmetric or symmetric semcei. In asymmetric service data is 
transmitted in one directiDn, typically downstream t<)wards the customer premises, at a 
greater data rate than data is transmitted in the ether direction, typically upstream 
:e. Asymmetric services aie used in environments such as the 
setween upstream and dovvbstream throughput depends on the 
applications requiring data transmission. For example, 



towards the local exchanj 
Intemet, where the ratio 
characteristics of the 



downloading a picture 



or a movie from an ISP tyjjically requires a large downstream 



bandwidth than upstrean 
In symmetric ; 
rate. Symmetric service i 
DS3. Modems which 



it is used for sending data requests 
upstream and downstream for such 



throughput, while a muci lower upstream throughp 
and acknowledgements. The typical ratio between 
appEcations is about l:ld), ADSL modems and certaui configurations of VDSL modems 
are designed to suppoit asymmetric services, hiving a much higher downstream 
bandwidtL 

service data is transmitted between two points at the same data 
include Tl and El and their aggregates in the form of DSl and 
are designed to support jsymmetric services include HDSL 
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20 



throughput eqxial to the 
throughput and do' 



modeois and some cordigurations of VDSL moderas. Optical devices also are designed 
for symmetric trausmisE ion. 

During the wake up process of a modem providing asymmetric service the 
modem typically detent ines both the maximum achievable upstream throughput and the 
maximum achievable d jwnstream throughput given predefined SNR tolerances and a 
target asymmetric service ratio. The modem then sets the actual upstream throughput 
equal to the maximxmi achievable upstream throughput, and sets the actual downstream 
; cnaximum achievable dovmstream throughput, ThxiSj upstream 
. throughput are set independently to achieve maximum 



10 throughput in both direct ions. 



In contrast tc 



asymmetric service, during the wake up process of a modem 
providing symmetric service the modem typicaljy determines both the maximum 
achievable upstream thrc ughput and the maximum lachievable downstream throughput, 
selects the lesser of these throughputs as the workmg throughput, mid sets the actual 
15 upstream and downstreaii throughputs equal to the iworking throughput. As a result of 
this wake up process, bandwidth is often wajsted in one of the two directions. 

In an enviro:iment where one modem , pool communicates with another 
lymmetric service may be provided by using only symmetric 
pool, Should a modem pool include asymmetric modems as 
well, aggregate symmetic service may nonetheless be provided by pairing two 
asymmetric modems in oie of the modem pools with a corresponding two asymmetric 
modems in the other modsm pool and creating a single, fiill-duplex symmetrical circuit 
;hannels of both asymmet^c modems, such as is described in 
to Beyda et al. Such a solution is disadvantageous, however, 



modem pool, aggregate 
modems in each modem 



ftom the high-bandwidth 
U.S. Patent No, 6,021,120 
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as each modem pool 
either modem pool 
modexas could not be 
Furthermore, the low- 
5 datatraosmission. 



•v/pxM reqtoire an even numljer of asymmetric modems. Should 
an odd number of asymmetric modems, the odd-numbered 
used for aggregate synuinetric service given the prior art. 
■bandwidth asymmetric channels would not be fully available for 



SUMMARY OF THE INVEVTION 
The present invention seeks to provid^ aggregate throughput control in a 

modem pool environmer t that overcomes disadvant4ges and limitations of the prior art. 

I 

10 In one prefer red embodiment of the present invention involving modem pool 

to modem pool communication, each modem pool includes one or more symmetric 
modems and one or mot i asymmetric modems, or entirely comprised of asymmetric 
modems. Aggregate sy mnetric service is achieved by having each pair of modems 
determine their throughput in each direction using conventional modem wake-up 
15 techniques. After aggregating the throughput information firom all modems in each 
direction, the modem pcol having greater aggregate outbound throughput reduces the 
outboimd throughput of one or more of its individual asymmetric modems until tbe 
modem pool's aggregate outbound throughput equals its aggregate inbound throughput 
This reduction may be e: fected using a variety of techniques, such as by reducing the 
20 modem's physical transntission bit rate, or by maintaining its physical bit rate while 
reducing the number of i^iformation bits per unit timb, such by changing its modulation 
scheme (e.g., fiom PA]M 32 to PAM 16), or fay tfansmitthig "junk" bits amidst the 
infoimation bits. Alterr atively, the "excess" modpm outbound throughput (i.e. the 
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throughput for each, of 



in a system incliudiag a first and a 
a plurality of tnodexas, where each 



amount of outbound thioughput -fliat a modem is supposed to reduce) may be used for 
redundancy bits to support increased enror correctio3i.. 

In one aspe;t of the present invention i 
second modem pool, q2 cix modem pool including 2 
modem in one of the modem pools is paired with a conesponding modem in the other of 
the modem pools, a melhod is provided for controlling aggregate throughput including 
initializing each of the i loderas at an outbound throughput and an inbound throughput, 
where the outbound ar d inbound throughputs oJ' at least one of tlie modems are 
determined independeni ly ftom one another, detertoining an aggregate outbound 



f the modem pools, and for < 
aggregate outbound thrttughput exceeds an associated optimal aggregate throu^put, 
reducing the outbound tluroughput of any of the modems until the aggregate outbound 
throughput equals the op imal aggregate throughput. 

In another aspect of the present inveAtion the initialiTang step includes 
initializing any of the modems asymmetrically. 

In another sspect of the present inve ntion the reducing step includes 
reducing where the optinal aggregate throughput e 
outbound throughputs. 

In another asj ect of die present invention the reducing step includes using at 
least a portion of the outb aund throughput of any of the modems for error correction. 

In another aspect of the present invejation the reducing step includes 
reducing the physical bit iate of any of the modems. 



each of the modem pools whose 



equals the lesser of the aggregate 
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In anoth^ 
transmittiiig jxmk bits t|i 
modems. 

In another 
second modem pool, 
where each modem in o 
the other of the modem 
including initializing ea< 
inbound throughput, 1 
independently from one 
of the modem pools, an(& 
modems in the first 
modem pool equals the 

In another 
least a portion of the 

In anothet 
reducing the physical bit 

In another 
transmitting junlc bits in' 
modems. 

In another 
system is provided i 
first and a second moden 
modems, where each of 



aspect of the present invention the reducing step includes 
at least a portion of the outbound throughput of any of the 



aspect c 



each 



lools, i 



of the present invention in a system including a first and a 
modem pool including a plurality of asymmetric modems, 
of the modem pools is paired with a corresponding modem in 
a method is provided for controlling aggregate throughput 
of the asymmetric modems at an outbound throughput and an 
! outbound and inbound throughputs being detemuned 
{mother, determining an aggregate outbouud throughput for each 
reducing the outbound throughput of any of the asymmetric 
an pool until the aggregate outbound throughput of the first 
aggregate outboimd throughput of the second modem pool. 

of the present invention the reducing step includes using at 
throughput of any of the modems for error correction, 
ajspect of the present invention the reducing step includes 

rate of any of the modems, 
aspect of the present invention the reducing step includes 
at least a portion of the outbound throughput of any of the 

of the present invention a modem pool communications 
incor|)orating aggregate throughput control, the system including a 
pool, where each of the modem pools includes a plurahty of 
the modems in one of the modem pools is paired with a 



as]>ect c 
outbound t 
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dstt 



outboimd 



corresponding one of tl^je 
modems is operative to 
and where at least one 
iabound throioghputs 
controlling aggregate 
outbound throu^put fo: 
whose aggregate 
throughput, reduce the 
outbound throughput eqijais 

In another 
initialize asymmetrically 

In another 
aggregate throughput is 
equals the lesser of the 

In another 
aggregate throughput is 
throu^put of any of the 

In another 
aggregate throughput is 
the modems. 

In another 
aggregate throughput is 
of the outbound throughpikt 



modems in the other of the modem pools, -where each of the 
nitialize at an outbound throughput and an inbound throughput, 
of the modestns is operative to determine tlie outbound and 
rermined independently from one another^ and means for 
t^iroughput, the means operative to detertnine an aggregate 
each of the modem pools, and for each of the modem pools 
tbrou^put exceeds an associated optimal aggregate 
cjutbound throughput of any of the modems until the aggregate 
the optimal aggregate ttiroughput. 
of the present invention any of the modems is operative to 



jispect of the present invention the means for controlling 
operative to reduce where the optimal aggregate throughput 
outbound tooughputs, 
dspect of the present invention the means for oontrollhig 
< (perative to reduce by losing at least a portion of the outbound 
Inodems for error conection; 

aspect of the present invention the means for controlling 
operative to reduce by reducing the physical bit rate of any of 

aspect of the present invention the means for controlling 
0; jerative to reduce fay transmitting junk bits in at least a portion 
of any of the modems. ! 
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xvith a corresponding on s 
the modems is operati 
throughput, and where a1 



outbound throughput for 
of any of the asymmetric 



In another 
aggregate fhroughput is 



In another aspect of the present invenlion a modem pool coxnmunications 
system is provided incorporating aggregate tbroug iput control, the system including a 
first and a second mode n pool, vvhere each of the modem pools includes a plurality of 
asymmetric modems, wiere each of the modems 1:1 one of the modem pools is paired 
5 of the modems in the othe: of the modem pools, where each of 
tive to initialize at an outbound throughput and an inbound 
1 least one of tiie modems is ^operative to determine the outbound 
and iabound throughput 3 determined independent!! from one another, and means for 
controlling aggregate tlnroughput, the means operative to determine an aggregate 
r each of the modem pools, iind reduce the outbound throughput 
modems in the &st modefti pool until the aggregate outbouad 
throughput of the first riodem pool equals the aggregate outboimd throughput of the 
second modem pool, 

jspect of the present invention the means for controlliag 
operative to reduce by using at least a portion of the outbound 
throughput of any of the modems for error correction 

In another aspect of the present invention the means for controlling 
aggregate throughput is (perative to reduce by redu;i 



;ing the physical bit rate of any of 



the modems. 



In another aspect of the present invention the means for controlling 
aggregate throughput is o jerative to reduce by transinitting junk bits in at least a portion 
of the outbound throughpi it of any of the modems. 

It is appreciated throughout the specification and claims that the term 
"information bit" refers tc a bit whose primary fimction is to represent data, as opposed 



7 



padding bits, or redundtocy bits sucli as is used for error 

I 

throughout ttxe speipification and claims that the term 
amount of information bit^ transmitted per unit time. 



to, for example, filler 
correction. It is appreciated 
"throughput" refers to tfa 

The disclosires of all patents, patent applications, and other publications 
mentioned in this 
publications cited therek 



spet tfication 
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and of the patents, patent applications, and other 

i 

are hereby incorporated b)^ reference in their entirety. 



BRIEF DESCRIPTION OF THfe DRAWINGS 
The present nvention •will be understocjd and appreciated more fully from 
the following detailed d«;scription taken in conjunc^cn with the appended drawings in 
which: I 

;s. 1 and 2 are conceptual illustratipns of an exemplary modem pool 

arrangement useful ia understanding the present inveption; 

i 

Fig. 3 is a iowchart illustration of aiJnethod for controlling aggregate 

throughput in modem p<>ol to modem pool communications, operative in accordance 

i 

■with a preferred embodirc ent of the present invention; and 

Fig. 4 is a coi ceptual illustration the exejjiplary modem pool arrangement of 
Fig. 2 afier application of the method of Fig. 3. 



DETAILED d|eSCRIPTION OF PFBFEliRED EMBODIMENTS 
Reference is n|o"W made to Figs. 1 and 2 \yhich are conceptual illustrations of 
an exemplary modem pool arrangement useful in understanding the present invention. 
A first modem pool, generally referenced 100, and comprising a plurality of individual 
modems is seen in commi|nication with a second modem pool, generally referenced 102, 



1 O^^er 



via a pliirality of coime 
typically copper wire 
preferably operate in a 
U.S- Patent Applicatior 
Speed Access System 
Provisional Application 
"Access Express-Very 
hereby incorporated by 

Referring n 
and in communication 
communications channe 
modem pair. Throughput 
from the perspective of 
the modem and inbound 

Reference is 
method for controlhng, 
communications, 
invention. In the method 
or more symmetric 
comprised of asymm< 
commtmications with a 
modems determine their 
wake-up or initialization 
pair is/are symmetric. 



mghi 



with a 



aiyg 
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itions 104 over a telephone; network 106, Connections 104 are 
arranged in one or m^re bundles 108. The modem pools 
<|oordinated manner, such as is described itx Applicant/assignee's 
No. 09/510,550 filed February 22, 2000, and entitled "Hgh 
Copper Cable Plant," that claims priority from United States 
Serial No. 60/12L228, fil&d February 23, 1999, and entitled 
Data Rate Communic^on Channels Over Copper," both 
rjsference in their entirety. 

to Fig. 2, each modem ii modem pool 100 is shown paiced 
a corresponding modeni in modem pool 102, such that two 
s 200, shown in dashed Ijnes, are established between each 
along any connnnnicati(l)ns channel 200 inay be expressed 
given modem as outbound throughput of data transmitted by 
ihronghput of data received, by the modem, 
now made to Fig, 3 which is a flowchart illustration of a 



aggregate throughput it. 



operative in accordance with a preferred embodiment of the present 



of Fig. 3, modem pools IOC 



modems. Each moderc 
corresponding modem in 



modem pool to modem pool 



and 102 typically each include one 



mode ms and one or more asymmetric modems, or may be entirely 



in modem pool 100 establishes 
LOdem pool 102, and each pair of 



outbound and inbound throiighput using conventional modem 
t ^chniques (step 300). Whe^e one or both modems 'm a modem 
modem's inbound and outljound diroughput will typically be 
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eqiial, being set as tiie 



minimtim of both tJroughput values, such as is the case with 



modem wake-up modert 
an inbouad throughpxit o 



modem 206, where after modem vvake-up modecm 206 is shown to have an outboxind and 
inbound throughput of 5 Mbps. Where both modems in a modem pair are asymmetric, 
the modem's inbound aid outbound throughput are determined independently from one 
another and will typically differ, such as is the case with modem 202, where after 
202 is shown to have an putbound throughput of 5 Mbps and 
: 4 Mbps for a difference of 1 Mbps. 
Once both laodem pools have been initialized, the aggregate outbound 
throughput of each mode m pool is calculated as the stmi of the outbound throughput of 
each modem in modem pools 100 and 102 (step 302). • Thus, in the exemplary 
arrangement of Fig. 2, Ihe aggregate outbound throughput of modem pool 100 is 25 
Mbps, while the aggtega:e outbound throughput of modem pool 102 is 20 Mbps. After 
calculatiag the aggregat;d outbound throughput fbr a modem pool, the aggregated 
outbound throughput for the modem pool may be compared with an associated optimal 
aggregate throughput (st«p 304), The optimal aggregate throughput may be predefined 
or may be mathematical y or otherwise related to ^he aggregate outbound tooughput 
calculated for either modsm pool. For example, where aggregate symmetric service is 
desired, the aggregate ovtbound throughputs calculated for each modem pool may be 
compared to determine which modem pool has the lower aggregate outbound 
throughput. Thus, the a^;gregate outbound throughput calculated for one modem pool 
may serve as liie optimal aggregate throughput associated with the other modem pool. 
Altematively, the aggregt te outbound throughputs calculated for each modem pool may 
be compared to a singk optimal aggregate throughput which may differ from the 
aggregate outbound throi ghput of both modem pools. Where aggregate asymmetric 
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throughput, the outbouncl 



16), or by transmittmg 



service is desired, each jmodem pool may iiavc a different associated optimal aggregate 
throughput to which Ihs modem pool's aggregfited outbound throughput may be 
compared after initializa ion. 

Once the comparison between a modem pool's aggregated outbound 
throughput and its assoc iated optimal aggregate throughput is made, where the modem 
pool's aggregate outbouid throu^put is greater than its associated optimal aggregate 
I fhrox^ghput of one or more of the modems in the modem pool 
is preferably reduced until the modem pool's aggregate outbound tiaroughput equals its 
associated optimal aggr jgate throughput (step 306), This reduction may be effected 
using a variety of technic ues, such as by reducing the modem's physical tfansmission bit 
rate, or by maintaining its physical bit rate while reducing the number of information 
bits per unit time, such bV changing its modulation scheme (e.g., £rom PAM 32 to PAM 



"junk" bits amidst the information bits. Alternatively, the 



'excess" modem outbound throughput (i.e. the amount of outbound throughput that a 
modem is supposed to nsduce) may be used for redundancy bits to support increased 
error correction. Thus, fi)r example, in Fig. 2 the outbound throughput of modem 202 
may be reduced to 4 Mbps, modem 204 may be reduced to 4 Mbps, and modem 210 



may be reduced to 5 I^lbps, giving modem pool 100 a new aggregate outbound 
throughput of 20 Mbps, H atching that of modem pooj 102. The exemplary modem pool 
arrangement of Fig. 2 a: iter application of the method of Fig. 3 may be seen with 
additional reference to Fig. 4. 

It is appreoia;ed that one or more of ^he steps of any of the methods 



described herein xnay be 
without departing firom th« 



otnitted or carried out in a different order than that shown, 
tme spirit and scope of the invention. 
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While the pres 
more specific embodiment! ; 
as a whole and is not to 
shown. It is appreciated 
that, while not specifically 
scope of the invention. 



int invention has been 
the description is intended 
be construed as Hmitmg 
various modifications 
shown herein, are ne- 



thrt 



the 



described with reference to one or 
to be illustrative of the invention 
invention to the embodiments 
occur to those skilled in the art 
jless within the true spirit and 
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